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Abstract
The deformational properties and fatigue of asphalt courses are conditional for the design and assessment of semi-rigid and 
flexible pavements. The term Functional conditions includes properties of asphalt mixtures which are defined by various tests
(fatigue test, rutting test, triaxial test). It is possible to use several types of tests to measure fatigue and complex modulus, but in 
our laboratory was carried out the Two-point Bending Test on trapezoid-shaped samples which was supplemented with the 
KATEMS assessment software. The long-term research lead to estimation of deformational characteristics and fatigue of 
different types of asphalt mixtures. The tests have shown a positive impact of additives (ground rubber, hydrate lime component) 
on the results of these mixtures. This article is focused on assessment of deformational properties and fatigue of selected types of 
asphalt mixtures.
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1. Introduction
Materials used in structural layers of pavement are assessed to the qualitative conditions. The European standard 
STN EN 13 108-1: Asphalt mixtures, Material specifications. Part 1: Asphalt concrete defines a term „functional 
conditions”. The functional conditions are properties of asphalt mixtures which are obtained from tests (fatigue test, 
rutting test, triaxial test). It is possible to use various kinds of tests methods to measure complex modulus and fatigue 
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in accordance with the European standard STN EN 12697. The tests differ in applied load and intensity. The 
complex modulus (E*) measurement of asphalt mixtures is carried out in laboratory of Department of Construction 
Management at University of Zilina by two-point banding test method on trapezoid-shaped samples. Today, the 
fatigue is verified on trapezoid-VKDSHGVDPSOHVDQGLVDVVHVVHGE\SURSRUWLRQDOVWUDLQDWPLOOLRQF\FOHVİ
2. Principle of two-point bending test
The rheology characters of materials are tested with the complex modulus method. Complex modulus is the ratio 
of tension and deformation at steady, harmonically variable oscillation in consideration of their mutual time shift.
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Fatigue is a decrease of material resistance by repetitive loading in comparison with resistance by single loading. 
According to the Slovak dimensioning method the fatigue is given by:
iNbaS log⋅−= (2)
Where: a, b - fatigue coefficients, Ni - number of load cycles
Bending tests are widely used for measuring the stiffness modulus and assessing the fatigue resistance of bitumen 
paving materials. The two-point bending test on trapezoidal samples is, probably, the most repeatable and 
reproducible bending test method detailed in the relevant EN 12697 standards.  In this test, the samples are mounted 
as a vertical cantilever. The base is fixed and the top is moved sinusoidally with a constant displacement amplitude. 
The trapezoidal samples are tested simultaneously and stiffness is subjected to a constant strain amplitude at a 
selected frequency and temperature until the stiffness modulus decreases to a user-selected target level (normally 50 
% of its initial value).
Fig. 1. Two Point Trapezoidal Bending Beam Machine (Cooper Technology) [5]
Graphical representation of measurement process and evaluation of complex modulus and fatigue is shown in 
Fig. 2.
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Fig. 2. Measurement of complex modulus E*: E1 - real part of complex modulus; E2 – imaginary part of complex modulus; Lp - length of period; 
ĳ- phase-shift; As - amplitude forces; Ad - amplitude deformations
3. Test samples
The test samples were made from two different asphalt mixtures but maximum size of aggregates was set on 
11mm. A 1st set of samples (A1) was realized from ordinary asphalt binder AC 50/70 and the 2nd set (A2) from 
polymer modified bitumen PmB 45/80-75.
Table 1. The percentage composition of the mixture
Samples (A1)  [%] Samples (A2) [%]
Binder type AC 50/70 PmB 45/80-75
Binder 5,40 6,70
Filer 3,80 6,50
0/2 mm 26,40 22,80
2/4 mm 13,30 9,00
4/8 mm 25,10 19,00
8/11 mm 26,00 36,00
ě 100 100
4. Complex modulus comparison
The measurements were performed on trapezoidal samples. A temperature and frequency for obtaining 
classification result are according the standards +15 °C and 10 Hz but the entire test was prepared through the 
temperature from - 10 °C to + 27 °C. Standardized classification according to values of deformation characteristics 
are in tab. 2 and the results are in the following tab. 3
Table 2. Minimal stiffness, Smin according to EN 12697-26:2007
Minimal stiffness [MPa] Category Smin Minimal stiffness [MPa] Category Smin
21000 Smin21000 4500 Smin4500
17000 Smin17000 3600 Smin3600
14000 Smin14000 2800 Smin2800
11000 Smin11000 2200 Smin2200
9000 Smin9000 1800 Smin1800
7000 Smin7000 1500 Smin1500
5500 Smin5500 No request SminNR
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Table 3. Values of complex modulus by different temperatures of two samples
Temperature [°C]
COMPLEX MODULE E* [MPa] A1
Frequency [Hz]
COMPLEX MODULE E* [MPa] A2
Frequency [Hz]
1 5 10 15 20 1 5 10 15 20
0 11722 13683 14314 14453 14878 7415 9434 10123 10368 10740
0 10139 11964 12451 12729 13117 7345 9415 10153 10501 10915
15 4421 6319 7080 7483 7901 2293 3813 4439 4791 5142
15 4502 6430 7295 7687 8139 2479 4093 4666 5083 5445
15 4510 6485 7359 7730 8195 1846 3292 3874 4240 4588
15 3987 5705 6402 6788 7162 1841 3034 3384 3672 3896
27 1826 3212 3911 4264 4637 756 1532 1765 1929 2148
27 1948 3398 4088 4508 4885 696 1373 1624 1830 2022
The obtained values of complex modulus were:
• Samples A1 (AC 50/70): E*T=15°C; F=10 Hz =7034 [MPa]
• Samples A2 (PmB 45/80-75): E*T=15°C; F=10 Hz =4090 [MPa]
The following figure shows complex modulus E* in dependence of frequency:
Fig. 3. Dependency of complex modulus and frequency (a) Samples A1 (b) Samples A2
5. Fatigue comparison
The results of the measurements are from specimens, which were loaded by temperature T = + 10 °C with 
loading in unit of measure COOPER by frequency F = 25 Hz. The fatigue line is estimated in a bi-logarithmic 
system as a linear regression of fatigue life versus amplitude levels. Using these results, the strain corresponding to 
DQDYHUDJHRIF\FOHVİDQGWKHVORSHRIWKHIDWLJXHOLQHEZDVGHWHUPLned for number of the samples.
Table 4. Values of fatigue
Mixture A0 [-] A1 [-] b [-] ܭ6
A1 -16,971 -5,725 -0,175 97,24
A2 -20,225 -6,944 -0,144 167,23
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The results are presented in figure 4 and 5 also in the form of Wohler’s diagram which describes dependence 
between number of loading cycles and strains.
Fig. 4. Wohler’s diagram of mixture A1 
Fig. 5. Wohler’s diagram of mixture A2 
6. Conclusion
According to the obtained complex modulus E* is the mixture AC 11 O 50/70, II. classified as category 
Smin7000 and based on measured values of resistance against the fatigue in the category FDWİPLQ.
The Asphalt mixture SMA 11 PmB 45/80-75 is according complex modulus classified in category Smin3600 and 
based on previous results the category of fatigue is FDWİPLQ.
Comparing the tested mixture can be concluded, that the mixture SMA 11 PmB 45/80-75 is more convenient for 
surface course of pavement. The mixture proves better ability to withstand the effects of transport what has 
considerable effect on supposed extension of pavement life cycle. The test method of resistance against fatigue 
allows to verify suitability of mixture according to required criteria of design method for application in pavement 
construction.
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